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©  Apparatus  for  and  a  method  of  coating  a  length  of  material. 

©  An  apparatus  for  coating  a  web  (W)  comprises  a  vacuum 
chamber  (1)  housing  a  metal  vapour  source  (2)  adjacent  a 
driven  water  cooled  process  drum  (5).  The  web  (W)  is  drawn 
over  the  drum  (5)  during  operating  and  deposition  of  metal 
on  the,  web  (W)  is  monitored  and  controlled.  The  monitor  (6) 
may  comprise  transmitters  (T1  to  T10)  and  receivers  (C1  to 
C10)  disposed  on  opposite  sides  respectively  of  the  web  (W) 
or  transmitters  (T1  to  T10)  and  receivers  (C1  to  C10)  on  the 
same  side  of  the  web  (W).  The  first  arrangement  works  on  a 
signal  transmitted  through  the  web  (W)  and  the  second  on  a 
signal  reflected  from  the  web  (W).  Received  transmitted  or 
reflected  signals  are  used  to  vary  process  variables  to 
achieve  desired  coating  thicknesses. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a p p a r a t u s  

f o r   and  a  m e t h o d   of  c o a t i n g   a  l e n g t h   of   m a t e r i a l  

by  v a c u u m   d e p o s i t i o n .  

In  one  s u c h   a p p a r a t u s ,   t h e   l e n g t h   of  m a t e r i a l  

i s   f e d   f r o m   a  s u p p l y   or   pay  o f f   r e e l   p a s t   a  s o u r c e  

of  e v a p o r a t e d   m e t a l   t o   a  t a k e - u p   r e e l   in   a  v a c u u m  

c h a m b e r .   As  t h e   m a t e r i a l ,   w h i c h   i s   u s u a l l y  

s y n t h e t i c   p l a s t i c s   m a t e r i a l ,   p a s s e s   by  t h e   s o u r c e ,  

e v a p o r a t e d   m e t a l ,   u s u a l l y   a l u m i n i u m ,   c o n d e n s e s  o n  

t h e   m a t e r i a l   to   f o rm  a  m e t a l   c o a t i n g .   The  c h a r a c t e r -  

i s t i c s   of  t h e   c o a t i n g   a r e   c o n t r o l l e d   m a n u a l l y  

by  t h e   o p e r a t o r   of  t h e   a p p a r a t u s   by  a p p r o p r i a t e  

a l t e r a t i o n   of  t h e   m e t a l l i s i n g   p r o c e s s   v a r i a b l e s .  

T h i s   r e q u i r e s   t h e   c l o s e   and  s u b s t a n t i a l l y   c o n t i n u o u s  

a t t e n d a n c e   of  a  s k i l l e d   o p e r a t i v e .  

A c c o r d i n g   to   one  a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n ,  

t h e r e   i s   p r o v i d e d   a p p a r a t u s   f o r   c o a t i n g   a  l e n g t h   o f  

m a t e r i a l   c o m p r i s i n g   a  v a c u u m   c h a m b e r   h o u s i n g   s u p p l y  

means   f o r   t h e   s u p p l y   of  t h e   l e n g t h   of  m a t e r i a l   t o  

be  c o a t e d ,   a  s o u r c e   of  c o a t i n g   m a t e r i a l ,   t a k e - u p  

means   f o r   r e c e i v i n g   t h e   l e n g t h   of  c o a t e d   m a t e r i a l ,  

and  a  m o n i t o r   f o r   m o n i t o r i n g   t h e   c o a t i n g   p r o c e s s ;  



and   c o n t r o l   means   o p e r a t i v e   to   r e c e i v e   s i g n a l s  

f r o m   t h e   m o n i t o r   and  to   v a r y   t h e   p r o c e s s   v a r i a b l e s  

i n   d e p e n d e n c e   upon   t h e   s i g n a l s   r e c e i v e d   in   o r d e r  

t o   s e c u r e   d e s i r e d   c o a t i n g   c h a r a c t e r i s t i c s .  

A  p r e f e r r e d   e m b o d i m e n t   of   t h e   a p p a r a t u s   m a y  

c o m p r i s e   any  one  or   more   of   t h e   f o l l o w i n g   a d v a n -  

t a g e o u s   f e a t u r e s : -  

(a)  The  m o n i t o r   c o m p r i s e s   a  t r a n s m i t t e r  

d i s p o s e d   on  one   s i d e   of  t h e   l e n g t h  

of   m a t e r i a l   and   a  r e c e i v e r   d i s p o s e d   o n  

t h e   o t h e r   s i d e   of  t h e   m a t e r i a l   t o  

r e c e i v e   a  s i g n a l   f r o m   t h e   t r a n s m i t t e r  

t r a n s m i t t e d   t h r o u g h   t h e   m a t e r i a l .  

(b)  The  m o n i t o r   c o m p r i s e s   a  t r a n s m i t t e r  

d i s p o s e d   a d j a c e n t   t h e   p a t h   f o l l o w e d ,   i n  

o p e r a t i o n   of   t h e   m a c h i n e ,   by  t h e   l e n g t h  

of   m a t e r i a l   and   a  r e c e i v e r   a l s o   d i s -  

p o s e d   a d j a c e n t   t h a t   p a t h   b u t   s p a c e d  

f r o m   t h e   t r a n s m i t t e r   to   r e c e i v e   s i g n a l s  

f rom  t h e   t r a n s m i t t e r   r e f l e c t e d   by  t h e  

m a t e r i a l .  



(c)  The  m o n i t o r   c o m p r i s e s   a  s e r i e s   o f  

t r a n s m i t t e r s   d i s p o s e d   on  one  s i d e   of  t h e  

l e n g t h   of  m a t e r i a l   and  a  s e r i e s   o f  

r e c e i v e r s   d i s p o s e d   o n i h e   o t h e r   s i d e  

of  t h e   m a t e r i a l   t o   r e c e i v e   s i g n a l s  

f rom  t h e   t r a n s m i t t e r s   t r a n s m i t t e d  

t h r o u g h   t h e   m a t e r i a l .  

(d)  The  m o n i t o r   c o m p r i s e s   a  s e r i e s   o f  

t r a n s m i t t e r s   d i s p o s e d   a d j a c e n t   t h e   p a t h  

f o l l o w e d ,   in  o p e r a t i o n   of  t h e   m a c h i n e ,   b y  

t h e   l e n g t h   of  m a t e r i a l   and  a  s e r i e s   o f  

r e c e i v e r s   a l s o   d i s p o s e d   a d j a c e n t   t h a t  

p a t h   b u t   s p a c e d   f r o m   t h e   t r a n s m i t t e r s  

to   r e c e i v e   s i g n a l s   f r o m   t h e   t r a n s m i t t e r s  

r e f l e c t e d   by  t h e   m a t e r i a l .  

(e)  The  m o n i t o r   c o m p r i s e s   a  t r a n s m i t t e r   a n d  

a  r e c e i v e r   s p a c e d   f r o m   t h e   t r a n s m i t t e r ,  

and  i s   d i s p o s e d   t o   m o n i t o r   t h e   d e n s i t y  

of  a  c l o u d   of  c o a t i n g   m a t e r i a l   e m a n a t i n g ,  

in  o p e r a t i o n   of  t h e   m a c h i n e ,   f r om  t h e  

s o u r c e   of  c o a t i n g   m a t e r i a l   and  t h e r e b y  

to   m o n i t o r   t h e   t h i c k n e s s   of  m e t a l   c o a t i n g  

p r o d u c e d   t h e r e b y .  



(f)  The  m o n i t o r   c o m p r i s e s   a  s e r i e s   o f  

t r a n s m i t t e r s   and   a  s e r i e s   of  r e c e i v e r s  

s p a c e d   f rom  t h e   t r a n s m i t t e r s   and  i s  

d i s p o s e d   t o   m o n i t o r   t h e   d e n s i t y   of   a  

c l o u d   of   c o a t i n g   m a t e r i a l   e m a n a t i n g ,  

in   o p e r a t i o n   of   t h e   m a c h i n e ,   f r om  t h e  

s o u r c e   of  c o a t i n g   m a t e r i a l   and  t h e r e b y  

to   m o n i t o r   t h e   t h i c k n e s s   of  m e t a l  

c o a t i n g   p r o d u c e d   t h e r e b y .  

(g)  The  or   e a c h   r e c e i v e r   of  t h e   m o n i t o r  

of   (b)  or   (d)  i s   p r o v i d e d  w i t h   c i r c u i t r y  

s e t   to   r e s p o n d   t o  e l e c t r i c a l   s i g n a l s  

p r o d u c e d   by  r e c e i v e d   t r a n s m i t t e d   o r  

r e f l e c t e d   s i g n a l s   of  a  p a r t i c u l a r   f r e -  

q u e n c y ,   t h e   f r e q u e n c y   b e i n g   c h o s e n   h a v i n g  

r e g a r d   to   a  d e s i r e d   c o l o u r a t i o n   e f f e c t .  

(h)  The  or   e a c h   r e c e i v e r   i s   p r o v i d e d   w i t h  

c i r c u i t r y   s e t   to   r e s p o n d   to   e l e c t r i c a l  

s i g n a l s   p r o d u c e d   by  r e c e i v e d   t r a n s m i t t e d  

or   r e f l e c t e d   s i g n a l s   of  a  p a r t i c u l a r  

f r e q u e n c y .  

(i)   The  or   e a c h   t r a n s m i t t e r   i s   a  p h o t o t r a n s -  

i s t o r .  



( j )   The  or  e a c h   r e c e i v e r   i s   a  p h o t o c e l l .  

(k)  The  c o n t r o l   means   c o m p r i s e s   a  m i c r o -  

p r o c e s s o r .  

(1)  The  c o n t r o l   means   i s   o p e r a t i v e   t o  

c o n t r o l   t h e   s p e e d   of   o p e r a t i o n   o f  

means   f o r   r e c e i v i n g   t h e   l e n g t h   o f  

c o a t e d   m a t e r i a l .  

(m)  The  c o n t r o l   means   i s   o p e r a t i v e   t o  

c o n t r o l   t h e   r a t e   of  s u p p l y   of  c o a t i n g  

m a t e r i a l .  

A c c o r d i n g   to   a n o t h e r   a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  m e t h o d   of  c o a t i n g  

a  l e n g t h   of  m a t e r i a l   i n c l u d i n g   t h e   s t e p s   d r a w i n g  

t h e   m a t e r i a l   p a s t   a  s o u r c e   of  c o a t i n g   m a t e r i a l   i n  

a  v a c u u m ,   m o n i t o r i n g   t h e   t h i c k n e s s   of  a  c o a t i n g  

p r o d u c e d   t h e r e b y   and  a u t o m a t i c a l l y   c o n t r o l l i n g  

t h e   p r o c e s s   v a r i a b l e s   in  o r d e r   t o   m a i n t a i n   t h e   c o a t -  

i ng   t h i c k n e s s   a t   a  c h o s e n   n o m i n a l   v a l u e .  

The  i n v e n t i o n   a l s o   c o m p r i s e s   c o a t e d   m a t e r i a l  

p r o d u c e d   w i t h   t h e   above   d e s c r i b e d   a p p a r a t u s   o r  

m e t h o d .  



In  t h e   s p e c i f i c a t i o n   t h e   t e r m   v a c u u m   i s   u s e d  

t o   e n c o m p a s s   p r e s s u r e s   l e s s   t h a n   t h e   n o r m a l   a m b i e n t  

p r e s s u r e   a p p r o p r i a t e   t o   t h e   c o a t i n g   p r o c e s s .  

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  more   c l e a r l y  

u n d e r s t o o d ,   one  e m b o d i m e n t   t h e r e o f   w i l l   now  be  d e s -  

c r i b e d ,   by  way  of   e x a m p l e ,   w i t h   r e f e r e n c e   to   t h e  

a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h : -  

F i g u r e   1  shows   a  f r o n t   e l e v a t i o n a l   v i ew   i n  

s e c t i o n   of  a  web  m e t a l l i s i n g   a p p a r a t u s ,  

F i g u r e   2  shows   d i a g r a m m a t i c a l l y   a  m o n i t o r  

f o r m i n g   p a r t   of  t h e   a p p a r a t u s   of   F i g u r e   1  w i t h  

a s s o c i a t e d   c o n t r o l   c i r c u i t r y ,   a n d  

F i g u r e   3  shows  d i a g r a m m a t i c a l l y   an  e n d  

e l e v a t i o n a l   v i e w   of   a  m o d i f i c a t i o n   of   t h e   m o n i t o r  

shown  in   F i g u r e   1 .  

R e f e r r i n g   to   F i g u r e   1,  t h e   web  m e t a l l i s i n g  

a p p a r a t u s   c o m p r i s e s   a  v a c u u m   c h a m b e r   1  h o u s i n g   a  

m e t a l   ( u s u a l l y   a l u m i n i u m )   v a p o u r   s o u r c e   2,  a  p a y  

o f f   or   s u p p l y   r e e l   3  a  d r i v e n   t a k e - u p   r e e l   4  a n d  

a  d r i v e n   w a t e r   c o o l e d   drum  5.  The  web  ( r e f e r e n c e d  



W  in  F i g u r e   1)  f o l l o w s   a  c o m p l e x   p a t h   d e f i n e d   b y  

a  s e r i e s   of  g u i d e   r o l l s   in  c o n j u n c t i o n   w i t h   t h e  

s u r f a c e   of  drum  5  f rom  t h e   s u p p l y   r e e l   3  to   t h e  

t a k e - u p   r e e l   4.  The  g u i d e   r o l l s   a r e   i n d i c a t e d  

g e n e r a l l y   by  t h e   r e f e r e n c e   G  i n   F i g u r e   1.  I n  

o p e r a t i o n ,   u n t r e a t e d   web  i s   f e d   f r o m   t h e   s u p p l y  

r e e l   3  and  i s   c o o l e d   as  i t   p a s s e s   o v e r   t h e   w o r k i n g  

s u r f a c e   of  t h e   w a t e r   c o o l e d   d rum  5.  As  i t   p a s s e s  

o v e r   t h i s   w o r k i n g   s u r f a c e   a  c l o u d   of  m e t a l   v a p o u r  

c o n d e n s e s   on  t h e   s u r f a c e   of  t h e   web  f a c i n g   t h e  

s o u r c e   2.  The  m e t a l l i s e d   web  t h e n   p a s s e s   to   t h e  

t a k e - u p   r e e l   4 .  

The  c h a r a c t e r i s t i c s   of  t h e   c o a t i n g   a r e  

m o n i t o r e d   by  means   of  a  m o n i t o r   6  d i s p o s e d   b e t w e e n  

t h e   d r i v e n   w a t e r   c o o l e d   drum  5  and  t h e   t a k e - u p  

r e e l   4.  R e f e r r i n g   to   F i g u r e   2,  t h i s   m o n i t o r   6 

c o m p r i s e s   t e n   p h o t o t r a n s i s t o r s   Tl  to   T10  a r r a n g e d  

in  l i n e   b u t   r e g u l a r l y   s p a c e d   f r o m   one  a n o t h e r   o n  

one  s i d e   of  t h e   m e t a l l i s e d   web  W and   t e n   p h o t o -  

c e l l s   Cl  t o   C10  a l s o   a r r a n g e d   c o r r e s p o n d i n g l y   i n  

l i n e   b u t   r e g u l a r l y   s p a c e d   f r o n   one  a n o t h e r   on  t h e  

o t h e r   s i d e   of  t h e   m e t a l l i s e d   web  W.  The  p h o t o -  

t r a n s i s t o r s   Tl  to   T10  a r e   a c t i v a t e d   to   e m i t   l i g h t  

s i g n a l s   of  a  p a r t i c u l a r   f r e q u e n c y   and  t he   p h o t o c e l l s  



a r e   p r o v i d e d   w i t h   c i r c u i t r y   s e t   to   r e s p o n d   t o  

e l e c t r i c a l   s i g n a l s   c o r r e s p o n d i n g   t o   l i g h t  

s i g n a l s   of   t h a t   f r e q u e n c y .   V a r i a t i o n s   in  a m b i e n t  

l i g h t   c o n d i t i o n s   t h e r e f o r e   do  n o t   e f f e c t   t h e  

s y s t e m .  

The  a m o u n t   of  l i g h t   e m a n a t i n g   f r o m   t h e   p h o t o -  

t r a n s i s t o r s   Tl  t o   T10  w h i c h   i s   t r a n s m i t t e d   by  t h e  

web  t o   t h e   p h o t o c e l l s   Cl  to   C10  d e p e n d s   upon  t h e  

t h i c k n e s s   of   t h e   c o a t i n g   of   m e t a l   on  t h e   w e b .  

The  s i g n a l   g e n e r a t e d   by  e a c h   of   t h e   p h o t o c e l l s  

i s   t h e r e f o r e   a  m e a s u r e   of  t h e   c o a t i n g   t h i c k n e s s  

of   t h e   m e t a l   c o a t i n g   on  t h e   web  a d j a c e n t   t h a t  

p h o t o c e l l .   The  s i g n a l s   f r o m   t h e   p h o t o c e l l s   a r e  

f e d   to   a  c o n t r o l   20.  The  f u n c t i o n   of   t h e   c o n t r o l  

20  i s   t o   a n a l y s e   t h e   s i g n a l s   r e c e i v e d   and  i s s u e  

i n s t r u c t i o n s   to   v a r y   t h e   m e t a l l i s i n g   p r o c e s s   v a r i -  

a b l e s   in   o r d e r   to   s e c u r e   t h e   d e s i r e d   c o a t i n g   t h i c k -  

n e s s   a c r o s s   t h e   w i d t h   of   t h e   web  W.  The  m a i n  

m e t a l l i s i n g   p r o c e s s   v a r i a b l e s   a r e   t h e   web  s p e e d  

and   t h e   a m o u n t   of  m e t a l   v a p o u r i s e d   p e r   u n i t - t i m e .  

T h i s   l a t t e r   v a r i a b l e   i s   in   t u r n   d e p e n d a n t   u p o n  

t h e   a l u m i n i u m   w i r e   f e e d   s p e e d   t o   t h e   v a p o u r   s o u r c e  

and  upon   t h e   t e m p e r a t u r e   of   t h e   s o u r c e .   P r e s s u r e  

w i t h i n   t h e   v a c u u m   c h a m b e r   1  a l s o   e f f e c t s   m e t a l l i s -  

i n g .  



The  m e t a l   v a p o u r   s o u r c e   2  c o m p r i s e s   s i x  

i n d i v i d u a l   m o l t e n   m e t a l   b a t h s   Bl  to   B6.  T h e s e  

b a t h s   a r e   of  c o u r s e   d i s p l a c e d   f r o m   t h e   m o n i t o r  

6  as  shown  in  F i g u r e   1,  b u t   t h e y   h a v e   b e e n   s u p e r -  

i m p o s e d   on  F i g u r e   2  in  o r d e r   to   show  t h e i r  

p o s t i o n   in   r e l a t i o n   to   t h e   web  as  c o m p a r e d   w i t h   t h e  

p o s i t i o n   in  r e l a t i o n   to  t h e   web  of  t h e   p h o t o -  

c e l l s   and  p h o t o t r a n s i s t o r s   of  t h e   m o n i t o r .   T h e r e  

i s   a  m e t a l   w i r e   f e e d   21  to   e a c h   of  t h e s e   b a t h s  

Bl  to   B6  and  t h e   s p e e d   of  e a c h   f e e d   i s   c o n t r o l l e d  

by  s i g n a l s   i s s u i n g   f rom  c o n t r o l   20.   S i m i l a r l y ,  

t h e   p o w e r   s u p p l y   22  to   t h e   b a t h s   Bl  to   B6  can  b e  

v a r i e d   in  o r d e r   to   v a r y   t h e   t e m p e r a t u r e   of  e a c h  

b a t h   and  t h e   a m o u n t   of  power   s u p p l i e d   i s   a l s o   c o n -  

t r o l l e d   by  s i g n a l s   i s s u e d   by  c o n t r o l   20.  Web 

s p e e d   i s   c o n t r o l l e d   by  c o n t r o l l i n g   t h e   s p e e d   o f  

t h e   w a t e r   c o o l e d   drum  5.  The  d r i v e   f o r   t h i s   w a t e r  

c o o l e d   drum  5  i s   r e p r e s e n t e d   d i a g r a m m a t i c a l l y  

on  F i g u r e   2  a t   23.   Th i s   d r i v e   23  i s   a r r a n g e d   t o  

r e c e i v e   c o n t r o l   s i g n a l s   f rom  t h e   c o n t r o l   2 0 .  

The  c o n t r o l   20  c o m p r i s e s   a  m i c r o p r o c e s s o r  

a l t h o u g h   c o n t r o l s   of  l e s s   c o m p l e x i t y   w o u l d   be  u s e d .  

In  o p e r a t i o n   of  t h e   a p p a r a t u s   t h e   d e s i r e d   n o m i n a l  

t h i c k n e s s   of  t h e   m e t a l   c o a t i n g   and  t h e   a c c e p t a b l e  

t o l e r a n c e s   a r e   c h o s e n .   The  m i c r o p r o c e s s o r   i s   p r o -  



g r a m m e d   t o   a l t e r   t h e   m e t a l l i s i n g   p r o c e s s   v a r i a b l e s  

d e s c r i b e d   a b o v e   in  o r d e r   to   m a i n t a i n   t h e   c o a t i n g  

t h i c k n e s s   s u b s t a n t i a l l y   a t   t h e   c h o s e n   v a l u e   a n d  

w i t h i n   t h e   a c c e p t e d   t o l e r a n c e s   b a n d .   I f ,   f o r  

e x a m p l e ,   c o a t i n g   t h i c k n e s s   b e g i n s   t o   e x c e e d   or   f a l l  

b e l o w   t h e   c h o s e n   v a l u e   a t   a  p o i n t   w i t h i n   t h e  

w i d t h   of  t h e   web  t h e   a l u m i n i u m   w i r e   f e e d   can   b e  

r e d u c e d   o r   i n c r e a s e d   r e s p e c t i v e l y   t o   t h e   m o l t e n  

m e t a l   b a t h   m o s t   c l o s e l y   a d j a c e n t   t h a t   b a t h .   I f ,  

on  t h e   o t h e r   h a n d ,   t h e   c o a t i n g   t h i c k n e s s   a c r o s s  

t h e   w h o l e   w i d t h   of   t h e   web  e x c e e d s   o r   f a l l s   b e l o w  

t h e   c h o s e n   v a l u e   i t   may  be  more   a p p r o p r i a t e   to   i n c r e a s e  

o r   r e d u c e   r e s p e c t i v e l y   t h e   s p e e d   of   t h e   web.   I n  

p r a c t i c e   t h e   m i c r o p r o c e s s o r   w i l l   c o n t i n u o u s l y  

r e c e i v e   s i g n a l s   f r o m   a l l   o f   t h e   p h o t o c e l l s   a n d  

c o m p u t e   t h e   v a l u e s   of  t h e   p r o c e s s   v a r i a b l e   i n  

a c c o r d a n c e   w i t h   i t s   p r o g r a m   n e c e s s a r y   to   e n s u r e  

t h a t   c o a t i n g   t h i c k n e s s   r e m a i n s   a t   t h e   s e l e c t e d  

n o m i n a l   v a l u e   and  w i t h i n   t h e   a l l o w a b l e   t o l e r a n c e  

b a n d .   T h e s e   p r o c e s s   v a r i a b l e   v a l u e s   a r e   in   t u r n  

c o n t i n u o u s l y   f e d   to   t h o s e   p a r t s   of   t h e   a p p a r a t u s  

p r o v i d e d   f o r   a l t e r i n g   t h e   p r o c e s s   v a r i a b l e s   i n  

q u e s t i o n .  

A  m o d i f i c a t i o n   of  t h e   m o n i t o r i n g   s y s t e m   i s  



d i a g r a m m a t i c a l l y   i l l u s t r a t e d   in  F i g u r e   3.  I n  

t h i s   m o d i f i e d   s y s t e m   a  l i n e   of  r e c e i v e r s   3C  a n d  

a  l i n e   of  c o r r e s p o n d i n g   t r a n s m i t t e r s   3T  s p a c e d  

f r o m   t h e   l i n e   of  r e c e i v e r s   a r e   b o t h   d i s p o s e d   i n  

t h e   same  s i d e   o f   t h e   l e n g t h   of  m a t e r i a l   b e i n g  

m o n i t o r e d   a n d  t h e   r e c e i v e r s   r e c e i v e   t h e   s i g n a l s  

r e f l e c t e d   by  t h e   web  as  d i a g r a m m a t i c a l l y   i n d i c a t e d  

in  F i g u r e   3  by  l i n e s   I  and   R.  The  d e g r e e   of  r e -  

f l e c t i o n   of  t h e   i n c i d e n t   s i g n a l   I  w i l l   be  g o v e r n e d  

by  t h e   c o a t i n g   on  t h e   web  and  in  p a r t i c u l a r   by  t h e  

t h i c k n e s s   of  t h a t   c o a t i n g .   T h i s   m o d i f i e d   s y s t e m  

i s   i n t e n d e d   to   c a t e r   f o r   t h o s e   c a s e s   w h e r e   a  m o r e  

a c c u r a t e   t h i c k n e s s   r e a d i n g   can   be  o b t a i n e d   by  a  

r e f l e c t e d   s i g n a l   t h a n   by  a  t r a n s m i t t e d   s i g n a l .   I n  

a l l   o t h e r   r e s p e c t s   t h e   s y s t e m   of  F i g u r e   3  i s   t h e  

same  as  t h a t   of   F i g u r e   2.  Bo th   t h e   s y s t e m s   o f  

F i g u r e s   2  and  3  can   be  s e t   up  t o   c a t e r   f o r   r e c e i v e d  

s i g n a l s   of  a  p a r t i c u l a r   f r e q u e n c y   and   in   t h a t   w a y  

c o l o u r a t i o n   e f f e c t s   of  t h e   c o a t i n g   on  t h e   web  a n d  

in   p a r t i c u l a r ,   any  d e v i a t i o n   t h e r e f r o m   can   b e  

m o n i t o r e d .   T h i s   w o u l d   n o r m a l l y   be  a c h i e v e d   b y  

c o n n e c t i n g   a p p r o p r i a t e   c i r c u i t r y   to   t h e   r e c e i v e r s  

Cl  to   C10  or  3C  p r o v i d e d ,   p r e f e r a b l y ,   w i t h   m e a n s  

f o r   a d j u s t i n g   t h e   f r e q u e n c y   r e s p o n d e d   t o .  

The  t h i c k n e s s   of  t h e   c o a t i n g   on  t h e   web  c a n  



a l s o   be  m o n i t o r e d ,   in   c o n j u n c t i o n   w i t h   web  s p e e d ,  

by  m o n i t o r i n g   t h e   d e n s i t y   of  t h e   c l o u d   o f  

m e t a l l i s i n g   v a p o u r   b e t w e e n   t h e   s o u r c e   of   t h e  

v a p o u r   a n d   t h e   s u r f a c e   of  t h e   web  W.  A  p o s s i b l e  

p o s i t i o n   f o r   a  l i n e   of  t r a n s m i t t e r s   and  a  l i n e  

of  r e c e i v e r s   of   t h i s   t y p e   of  m o n i t o r   i s   i l l u s t r a t e d  

a t   T  and   C  in   F i g u r e   1.  As  w i t h   t h e   p r e v i o u s l y  

d e s c r i b e d   e m b o d i m e n t s ,   t h e   t r a n s m i t t e r s   and  r e -  

c e i v e r s   of   t h e   r e s p e c t i v e   l i n e s   a r e   s p a c e d   a c r o s s  

t h e   w i d t h   of   t h e   web  W.  In  o t h e r   r e s p e c t s   t h i s  

t y p e   of   m o n i t o r   i s   s i m i l a r   to   t h e   p r e v i o u s l y   d e s -  

c r i b e d   m o n i t o r ,   in  p a r t i c u l a r   h a v i n g   c i r c u i t r y  

a s s o c i a t e d   w i t h   t h e   t r a n s m i t t e r s   and  r e c e i v e r s  

f o r   p r o c e s s i n g   t h e   s i g n a l s   r e c e i v e d   and  p r o d u c i n g  

c o n t r o l   s i g n a l s   t h e r e f r o m .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   a b o v e  

e m b o d i m e n t s   h a v e   b e e n   d e s c r i b e d   by  way  of  e x a m p l e  

o n l y   and   t h a t   many  v a r i a t i o n s   a r e   p o s s i b l e   w i t h o u t  

d e p a r t i n g   f r o m   t h e   s c o p e   of  t h e   i n v e n t i o n .  



1.  A p p a r a t u s   f o r   c o a t i n g   a  l e n g t h   of  m a t e r i a l  

c o m p r i s i n g   a  v a c u u m   c h a m b e r   (1)  h o u s i n g   s u p p l y  

m e a n s   (3)  f o r   t h e   s u p p l y   of  t h e   l e n g t h   of  m a t e r i a l   (W) 

to   be  c o a t e d ,   a  s o u r c e   (2)  of   c o a t i n g   m a t e r i a l ,   a n d  

t a k e - u p   means   (4)  f o r   r e c e i v i n g   t h e   l e n g t h   of  c o a t e d  

m a t e r i a l ,   c h a r a c t e r i s e d   by  a  m o n i t o r   (6,  3C,  3T)  f o r   m o n -  

i t o r i n g   t h e   c o a t i n g   p r o c e s s ;   and  c o n t r o l   means   ( 2 0 )  

o p e r a t i v e   to   r e c e i v e   s i g n a l s   f rom  t h e   m o n i t o r   a n d  

to   v a r y   t h e   p r o c e s s   v a r i a b l e s   in  d e p e n d e n c e   u p o n  

t h e   s i g n a l s   r e c e i v e d   in  o r d e r   to   s e c u r e   d e s i r e d   c o a t -  

i ng   c h a r a c t e r i s t i c s .  

2.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   1,  in   w h i c h   t h e  

m o n i t o r   (6)  c o m p r i s e s   a  t r a n s m i t t e r   (Tl  to   T 1 0 )  
"  

d i s p o s e d   on  one  s i d e   of  t h e   l e n g t h   of  m a t e r i a l   a n d  

a  r e c e i v e r   (Cl  t o   C10)  d i s p o s e d   on  t h e   o t h e r   s i d e  

of  t h e   m a t e r i a l   to   r e c e i v e   a  s i g n a l   f rom  t h e   t r a n s -  

m i t t e r   t r a n s m i t t e d   t h r o u g h   t h e   m a t e r i a l   ( W ) .  

3.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   1,  in  w h i c h  

t h e   m o n i t o r   (3C,  3T)  c o m p r i s e s   a  t r a n s m i t t e r   (3T)  d i s -  

p o s e d   a d j a c e n t   t h e   p a t h   f o l l o w e d ,   in  o p e r a t i o n   of  t h e  

m a c h i n e ,   by  t h e  l e n g t h   of  m a t e r i a l   (W)  and  a  r e c e i v e r  

(3C)  a l s o   d i s p o s e d   a d j a c e n t   t h a t   p a t h   b u t   s p a c e d   f r o m  

t h e   t r a n s m i t t e r   (3T)  to  r e c e i v e   s i g n a l s   f rom  t h e   t r a n s -  



m i t t e r   r e f l e c t e d   by  t h e   m a t e r i a l   (W) .  

4.  A p p a r a t u s   as   c l a i m e d   in  C l a i m   1,  in   w h i c h   t h e  

m o n i t o r   c o m p r i s e s   a  s e r i e s   of  t r a n s m i t t e r s   (Tl   t o _  

T10)  d i s p o s e d   on  one  s i d e   of  t h e   l e n g t h   of   m a t e r i a l  

and   a  s e r i e s   of   r e c e i v e r s   (Cl  to   C10)  d i s p o s e d   o n  

t h e  o t h e r   s i d e   of  t h e   m a t e r i a l   to   r e c e i v e   s i g n a l s  

f r o m   t h e   t r a n s m i t t e r s   t r a n s m i t t e d   t h r o u g h   t h e  

m a t e r i a l   ( W ) .  

5.  A p p a r a t u s   as  c l a i m e d   in   C l a i m   1,  in   w h i c h   t h e  

m o n i t o r   (3C,  3T)  c o m p r i s e s   a  s e r i e s   of  t r a n s m i t t e r s  

(3T)  d i s p o s e d   a d j a c e n t   t h e   p a t h   f o l l o w e d ,   in   o p e r a -  

t i o n   of   t h e   m a c h i n e ,   by  t h e   l e n g t h   of  m a t e r i a l   (W)  a n d  

a  s e r i e s  o f   r e c e i v e r s   (3C)  a l s o   d i s p o s e d   a d j a c e n t   t h a t  

p a t h   b u t   s p a c e d   f r o m   t h e   t r a n s m i t t e r s   (3T)  to   r e c e i v e  

s i g n a l s   f r o m   t h e   t r a n s m i t t e r s   r e f l e c t e d   by  t h e  

m a t e r i a l   ( W ) .  

6.  A p p a r a t u s   as  c l a i m e d   in  C l a i m   1,  in   w h i c h   t h e  

m o n i t o r   c o m p r i s e s   a  t r a n s m i t t e r   and   a  r e c e i v e r   s p a c e d  

f r o m   t h e   t r a n s m i t t e r ,   and  i s   d i s p o s e d   to   m o n i t o r  

t h e   d e n s i t y   of  a  c l o u d   of  c o a t i n g   m a t e r i a l   e m a n a t i n g ,  

in   o p e r a t i o n   of  t h e   m a c h i n e ,   f rom  t h e   s o u r c e   (2 )  

of  c o a t i n g   m a t e r i a l   and  t h e r e b y   to   m o n i t o r   t h e  

t h i c k n e s s   of  m e t a l   c o a t i n g   p r o d u c e d   t h e r e b y .  



7.  A p p a r a t u s   as  c l a i m e d   in  C l a i m   1,  in  w h i c h  

t h e   m o n i t o r   c o m p r i s e s   a  s e r i e s   of  t r a n s m i t t e r s  

and   a  s e r i e s   of  r e c e i v e r s   s p a c e d   f r o m   t h e   t r a n s -  

m i t t e r s   and   i s   d i s p o s e d   to   m o n i t o r   t h e   d e n s i t y  

of  a  c l o u d   of  c o a t i n g   m a t e r i a l   e m a n a t i n g ,   i n  

o p e r a t i o n   of   t h e   m a c h i n e ,   f r o m   t h e   s o u r c e   (2)  o f  

c o a t i n g   m a t e r i a l   and  t h e r e b y   to   m o n i t o r   t h e   t h i c k -  

n e s s   of   m e t a l   c o a t i n g   p r o d u c e d   t h e r e b y .  

8.  A p p a r a t u s   as  c l a i m e d   in   any  p r e c e d i n g  c l a i m ,  

in  w h i c h   a  r e c e i v e r   (Cl  to   C10,   3C)  of  t h e   m o n i t o r  

i s   p r o v i d e d   w i t h   c i r c u i t r y   (20)  s e t   to   r e s p o n d   t o  

e l e c t r i c a l   s i g n a l s   p r o d u c e d   by  r e c e i v e d   s i g n a l s   o f  

a  p a r t i c u l a r   f r e q u e n c y .  

9.  A p p a r a t u s   as  c l a i m e d   in   C l a i m   8,  in   w h i c h   t h e  

p a r t i c u l a r   f r e q u e n c y   i s   c h o s e n   h a v i n g   r e g a r d   t o  

t h e   d e s i r e d   c o l o u r a t i o n   e f f e c t .  

10 .   A p p a r a t u s   as  c l a i m e d   in   a n y p r e c e d i n g   c l a i m ,  

in  w h i c h   t h e   c o n t r o l   means   (20)  i s   o p e r a t i v e   t o  

c o n t r o l   t h e   s p e e d   of  o p e r a t i o n   of  means   f o r   r e c e i v i n g  

(4)  t h e   l e n g t h   of  c o a t e d   m a t e r i a l .  



11.  A p p a r a t u s   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,  

in  w h i c h   t h e   c o n t r o l   means   (20)  i s   o p e r a t i v e   t o  

c o n t r o l   t h e   r a t e   of   s u p p l y   of  c o a t i n g   m a t e r i a l .  

12.  A  m e t h o d   of   c o a t i n g   a  l e n g t h   of  m a t e r i a l  

i n c l u d i n g   t h e   s t e p s   d r a w i n g   t h e   m a t e r i a l   (W)  p a s t   a  

s o u r c e   (2)  of  c o a t i n g   m a t e r i a l   in  a  v a c u u m ,  

m o n i t o r i n g   t h e   t h i c k n e s s   of   a  c o a t i n g   p r o d u c e d   t h e r e b y  

and   a u t o m a t i c a l l y   c o n t r o l l i n g   t h e   p r o c e s s   v a r i a b l e s  

in  o r d e r   t o   m a i n t a i n   t h e   c o a t i n g   t h i c k n e s s   a t   a  

c h o s e n   n o m i n a l   v a l u e .  

13.   A  m e t h o d   as  c l a i m e d   in   C l a i m   12,   in   w h i c h  

t h e   t h i c k n e s s   of   t h e   c o a t i n g   i s   m o n i t o r e d   by  t r a n s -  

m i t t i n g   a  s i g n a l   t h r o u g h   t h e   m a t e r i a l   and  a s s e s s i n g  

t h e   c h a r a c t e r i s t i c s   of   t h e   r e c e i v e d   s i g n a l .  

14.  A  m e t h o d   as  c l a i m e d   in   c l a i m   12,   in   w h i c h   t h e  

t h i c k n e s s   of   t h e   c o a t i n g   i s   m o n i t o r e d   by  t r a n s -  

m i t t i n g   a  s i g n a l   t o w a r d s   t h e   m a t e r i a l   and  a s s e s s -  

i ng   t h e   c h a r a c t e r i s t i c s   of  t h e   s i g n a l   r e f l e c t e d   f r o m  

t h e   m a t e r i a l .  

15.  A  m e t h o d   as  c l a i m e d   in  C l a i m   12,   13  or  14,  i n  

w h i c h   t h e   s p e e d   of   o p e r a t i o n   of  t h e   means   f o r  

r e c e i v i n g   (4)  t h e   l e n g t h   of  c o a t e d   m a t e r i a l   (W)  i s  

c o n t r o l l e d   by  t h e   c o n t r o l   means   ( 2 0 ) .  



16.  A  m e t h o d   as  c l a i m e d   in  C l a i m   12,   13,   14  o r  

15  in  w h i c h   t h e   r a t e   of  s u p p l y   of  t h e   c o a t i n g   m a t e r i a l  

i s   c o n t r o l l e d   by  t h e   c o n t r o l   means   ( 2 0 )  
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